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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to an ink jet head
for discharging ink containing colored fine particles to
record an image corresponding to image data on a re-
cording medium, and to an ink jet recorder using the ink
jet head.

[0002] Anink jetrecorder serves to discharge ink con-
taining colored fine particles through discharge openings
to record an image corresponding to image data on a
recording medium. Examples of known ink jet recorders
include an electrostatic type, thermal type, and piezo type
ink jet recorders which are classified depending on dif-
ferences of means for controlling discharge of ink.
[0003] Hereinafter, the electrostatic type ink jet record-
er will be described as an example. The electrostatic type
ink jet recorder is such that ink containing colored fine
particles charged with electricity is used, and predeter-
mined voltages are respectively applied to discharge por-
tions of an ink jet head in correspondence to image data,
whereby discharge of the ink from the ink jet head is
controlled by utilizing electrostatic forces to record an
image corresponding to the image data on a recording
medium. Known as an example of the electrostatic type
ink jet recorder is an ink jet recorder disclosed in JP
10-138493 A.

[0004] FIG.10isaschematicview showingaconstruc-
tion of an example of an ink jet head of an electrostatic
type ink jet recorder disclosed in JP 10-138493 A. In an
ink jet head 80 shown in the figure, only one discharge
portion of the ink jet head disclosed in JP 10-138493 A
is conceptually shown. The ink jet head 80 includes a
head substrate 82, an ink guide 84, an insulating sub-
strate 86, a control electrode 88, a counter electrode 90,
aD.C. bias voltage source 92, and a pulse voltage source
94,

[0005] Here, the ink guide 84 is disposed on the head
substrate 82, and a through hole (discharge opening) 96
is bored through the insulating substrate 86 so as to cor-
respond in position to the ink guide 84. The ink guide 84
extends through the through hole 96, and its convex tip
portion 84a projects upwardly and beyond a surface of
the insulating substrate 86 on a side of a recording me-
dium P. In addition, the head substrate 82 is disposed at
a predetermined distance from the insulating substrate
86. Thus, a passage 98 of ink Q is defined between the
head substrate 82 and the insulating substrate 86.
[0006] The control electrode 88 is provided in a ring-
like shape on the surface of the insulating substrate 86
on the side of the recording medium P so as to surround
the periphery of the through hole 96 of every discharge
portion. In addition, the control electrode 88 is connected
to the pulse voltage source 94 for generating a pulse
voltage in correspondence to image data. The pulse volt-
age source 94 is grounded through the D.C. bias voltage
source 92.
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[0007] Inaddition,the counter electrode 90 is disposed
in a position facing the tip portion 84a of the ink guide 84
and is grounded. The recording medium P is disposed
on a surface of the counter electrode 90 on a side of the
ink guide 84. That is to say, the counter electrode 90
functions as a platen for supporting the recording medium
P.

[0008] During the recording, the ink Q containing fine
particles which are charged at the same polarity as that
of a voltage applied to the control electrode 88 is made
to circulate through the ink passage 98 from the right-
hand side to the left-hand side in the figure by a circulation
mechanism for ink (not shown). In addition, a high voltage
of 1.5 kV for example is usually applied to the control
electrode 88 by the D.C. bias voltage source 92. At this
time, part of the ink Q within the ink passage 98 passes
through the through hole 96 of the insulating substrate
86 by a capillary phenomenon or the like to be concen-
trated at the tip portion 84a of the ink guide 84.

[0009] If a pulse voltage of 0 V for example is applied
from the pulse voltage source 94 to the control electrode
88 biased at 1.5 kV by the bias voltage source 92, then
a voltage of 1.5 kV obtained by superposing both the
voltages on each other is applied to the control electrode
88. In this state, an electric field strength in the vicinity
of the tip portion 84a of the ink guide 84 is relatively low,
and hence the ink Q containing the charged fine particles
which are concentrated at the tip portion 84a of the ink
guide 84 is not flied out from the tip portion 84a of the ink
guide 84.

[0010] On the other hand, if a pulse voltage of 500 V
for example is applied from the pulse voltage source 94
tothe control electrode 88 biased at 1.5 kV, then a voltage
of 2 kV obtained by superposing both the voltages on
each other is applied to the control electrode 88. As a
result, the ink Q containing the charged fine particles
which are concentrated at the chip portion 84a of the ink
guide 84 is filed out in a form of an ink droplet R from the
tip portion 84a of the ink guide 84 by the electrostatic
force to be electrostatically drawn by the grounded coun-
ter electrode 90 to be stuck onto the recording medium
P to form thereon a dot of the charged fine particles.
[0011] Insuchamanner, arecordingis carried out with
the dots of the charged fine particles while the ink jet
head 80 and the recording medium P supported on the
counter electrode 90 are relatively moved to thereby
record an image corresponding to the image data on the
recording medium P.

[0012] Now, inthe electrostatic type ink jet head, when
a plurality of discharge portions are disposed in a matrix
to construct a multi-channel head, it becomes gradually
difficult to connect signal wirings to the control electrodes
for the respective discharge portions. For this reason, in
the case where there is a large number of channels, it is
conceivable that the insulating substrate is made in the
form of a multilayer wiring structure in order to connect
signal wirings to control electrodes. Consequently, in the
future, the insulating substrate has atendency to become
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gradually thicker along with an increase in the number
of channels.

[0013] However, since a length of the through hole be-
comes larger than an opening diameter thereof if the in-
sulating substrate is thickened, a resistance between the
ink and an inner wall of the through hole becomes large
and hence the ink becomes hard to be discharged. In
addition, if the insulating substrate is thickened as com-
pared with a velocity of an ink flow, then the ink stays in
the through hole to degrade the property of supply of the
ink to the tip portion of the ink guide. As a result, there is
encountered a problem that a responsibility at the dis-
charge frequency becomes poor, and hence the dot di-
ameter gradually becomes smaller as the drawing speed
is further increased.

[0014] Note that while not limited to the electrostatic
type ink jet recorder, when the insulating substrate is
thickened, i.e., the length of the through hole becomes
large, the same problem occurs in the ink jet recorders
using the various type ink jet heads.

[0015] US-A-4,263,601 discloses an ink jet head ac-
cording to the preamble of claim 1.

[0016] Further, WO-A-01/47715 discloses a printhead
having a slot for supplying ink from a reservoir via ducts
formed in a substrate comprising the discharge opening
to a chamber in communication with the corresponding
discharge opening.

SUMMARY OF THE INVENTION

[0017] In order to solve above-mentioned problems
associated with the prior art, an object of the present
invention is to provide an ink jet head which is capable
of enhancing a property of supply of ink to discharge
openings, and of, even when dots are continuously drawn
at a high speed, stably drawing the dots each having a
desired size, and anink jetrecorder using the ink jet head.
[0018] Inordertoachieve the above-mentioned object,
the present invention provides an ink jet head for dis-
charging ink containing colored fine patrticles to record
an image corresponding to image data on a recording
medium, the ink jet head comprising the features of claim
1.

[0019] Preferred optional features are described in the
dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

FIGS. 1A and 1B are a perspective schematic view
and a structural schematic view each showing a part
of an ink jet recorder according to an embodiment
of the present invention;

FIGS. 2A, 2B, and 2C are structural schematic views
showing states of dispositions of a guard electrode,
a second control electrode, and a first control elec-
trode according to an embodiment, respectively;
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FIGS. 3A and 3B are a structural plan view and a
structural cross sectional view each showing a struc-
ture in the vicinity of a through hole of a discharge
opening substrate according to an embodiment, and
FIG. 3C s a structural cross sectional view showing
a structure in the vicinity of the through hole of the
discharge opening substrate shown in FIG. 3B ac-
cording to another embodiment;

FIGS. 4A and 4B are a structural plan view and a
structural cross sectional view each showing a struc-
ture in the vicinity of a through hole of a discharge
opening substrate according to still another embod-
iment, and FIG. 4C is a structural cross sectional
view showing a structure in the vicinity of the through
hole of the discharge opening substrate shown in
FIG. 4B according to yet another embodiment;
FIGS. 5A and 5B are a structural plan view and a
structural cross sectional view each showing a struc-
ture in the vicinity of a through hole of a discharge
opening substrate according to a further embodi-
ment, and FIG. 5C is a structural cross sectional view
showing a structure in the vicinity of the through hole
of the discharge opening substrate shown in FIG. 5B
according to an even further embodiment;

FIGS. 6A and 6B are a structural plan view and a
structural cross sectional view each showing a struc-
ture in the vicinity of a through hole of a discharge
opening substrate according to another embodi-
ment, and FIG. 6C is a structural cross sectional view
showing a structure in the vicinity of the through hole
of the discharge opening substrate shown in FIG. 6B
according to an additional embodiment;

FIGS. 7A and 7B are structural plan views showing
a structure in the vicinity of a through hole of a dis-
charge opening substrate according to another em-
bodiment, respectively;

FIGS. 8A and 8B are structural cross sectional views
showing cross sectional shapes of an ink guide
groove, respectively;

FIG. 9 is a structural plan view showing a structure
inthe vicinity of athrough hole of adischarge opening
substrate according to yet another embodiment; and
FIG. 10 is a structural schematic view of an example
of a conventional ink jet head.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Anink jet head and an ink jet recorder of the
present invention will hereinafter be described in detail
on the basis of preferred embodiments with reference to
the accompanying drawings.

[0022] FIGS. 1A and 1B are a perspective schematic
view and a structural schematic view each showing a
part of an ink jet recorder according to an embodiment
of the present invention. An ink jet recorder 10 shown in
FIGS. 1A and 1B is an electrostatic type ink jet recorder
for recording an image corresponding to image data on
a recording medium P using an ink jet head 11 for dis-
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charging ink Q containing colored fine particles (e.g., ton-
er) such as a pigment which are charged with electricity
in the form of an ink droplet R by utilizing an electrostatic
force.

[0023] In the figures, in addition to the ink jet head 11,
a counter electrode 18 and a charging unit 20 for the
recording medium P are shown as a part of constituent
elements of the ink jet recorder 10.

[0024] The ink jet head 11 shown in FIGS. 1A and 1B
includes a head substrate 12, a discharge opening sub-
strate 14, and an ink guide 16. Note that in order to sim-
plify a description, only one discharge portion of an ink
jet head having a multi-channel structure in which as
shown in FIGS. 2A to 2C, fifteen discharge portions are
two-dimensionally disposed is shownin FIG. 1A, and only
two discharge portions are shown in FIG. 1B.

[0025] Intheinkjethead 11, firstly, the head substrate
12 is a sheet-like insulating substrate common to all the
discharge portions, and a floating conductive plate 22
which is electrically in a floating state is formed on a sur-
face of the head substrate 12.

[0026] Generated in the floating conductive plate 22 in
recording an image is an induced voltage which is in-
duced in correspondence to voltage values of control
voltages applied to control electrodes for the discharge
portions as will be described later. In addition, a voltage
value of the induced voltage automatically changes in
correspondence to the number of operating channels.
The charged fine particles contained in the ink Q within
an ink passage 48 are energized by the floating conduc-
tive plate 22 to migrate to a side of the discharge opening
substrate 14 to be concentrated at a tip portion 17 of the
ink guide 16. For this reason, a concentration of the
charged fine particles in the discharged ink Q is usually
stabilized at a predetermined concentration.

[0027] Note that the floating conductive plate 22 is not
an essential constituent element, and hence is preferably
provided suitably as may be necessary. In addition, the
floating conductive plate 22 has to be disposed on the
head substrate 12 side with respect to the ink passage
48. For example, the floating conductive plate 22 may
also be disposed inside the head substrate 12. Also, the
floating conductive plate 22 is preferably disposed on an
upstream side of the ink passage 48 with respect to a
position where the discharge portion is disposed. Also,
a predetermined voltage may be applied to the floating
conductive plate 22.

[0028] Next,the discharge opening substrate 14 is also
a sheet-like insulating substrate common to all the dis-
charge portions. Through holes (discharge openings for
the ink) 38 are bored through the discharge opening sub-
strate 14 in a position corresponding to the ink guide 16
of each discharge portion.

[0029] The head substrate 12 is disposed at a prede-
termined distance from the discharge opening substrate
14. Then, the ink passage 48 through which the ink Q is
supplied to the ink guide 16 is defined between the head
substrate 12 and the discharge opening substrate 14.
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The ink Q, while its details will be described later, contains
the colored fine particles which are charged at the same
polarity as that of the control voltages applied to first and
second control electrodes 26 and 28. In recording an
image, the ink Q is made to circulate through the ink
passage 48 in a predetermined direction and at a prede-
termined velocity (e.g., at an ink flow of 200 mm/s).
[0030] The discharge opening substrate 14 includes
an insulating substrate 24, the first control electrode 26,
the second control electrode 28, a guard electrode 30,
and insulating layers 32, 34, and 36.

[0031] The first and second control electrodes 26 and
28 are circular electrodes which are provided in ring-like
shapes each on an upper surface and a lower surface of
the insulating substrate 24 in the figures so as to surround
the periphery of the through holes 38 of each of the dis-
charge portions. The upper surface of the insulating sub-
strate 24 and a surface of the first control electrode 26
are covered with the insulating layer 34 for protecting
these surfaces to obtain a flattened surface. Likewise,
the lower surface of the insulating substrate 24 and a
surface of the second control electrode 28 are covered
with the insulating layer 32 for protecting these surfaces
to obtain a flattened surface.

[0032] Note that neither of the first and second control
electrodes 26 and 28 is limited to the ring-like circular
electrode, and hence an electrode having any shape
such as a nearly circular electrode, a split circular elec-
trode, a parallel electrode, or a nearly parallel electrode
may be adopted for each of the first and second control
electrodes 26 and 28 as long as the electrode is disposed
S0 as to face the ink guide 16.

[0033] As shown in FIGS. 2A to 2C, the fifteen dis-
charge portions are disposed in a matrix shape so that
the five discharge portions per row (corresponding to a
first column, a second column, a third column, a fourth
column, and a fifth column) are disposed in a row direc-
tion (in a subscanning direction), and the three discharge
portions per column (corresponding to an A-th column,
a B-th column, and a C-th column) are disposed in a
column direction (in a main scanning direction).

[0034] AsshowninFIG. 2B, the first control electrodes
26 of the three discharge portions disposed in the first
column are connected to one another. Thisis also applied
to the second to fifth columns. In addition, as shown in
FIG. 2C, the second control electrodes 28 of the five dis-
charge portions disposed in the A-th row are connected
to one another. This is also applied to the B-th row and
the C-th row. Then, the first and second control elec-
trodes 26 and 28 are connected to control means (not
shown) for outputting control voltages corresponding to
image data, respectively.

[0035] In addition, the five discharge portions belong-
ing to the A-th row are disposed at predetermined inter-
vals in the row direction. This is also applied to the B-th
row and the C-th row. Also, the five discharge portions
belonging to the B-th row are disposed at a predeter-
mined distance from the five discharge portions belong-
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ing to the A-th row in the column direction, and are also
disposed between the five discharge portions belonging
to the A-th row and the five discharge portions belonging
to the C-th row in the row direction. Likewise, the five
discharge portions belonging to the C-th row are dis-
posed at a predetermined distance from the five dis-
charge portions belonging to the B-th row in the column
direction, and are also disposed between the five dis-
charge portions belonging to the B-th row and the five
discharge portions belonging to the A-th row in the row
direction.

[0036] In such a manner, the five discharge portions
contained in each of the A-th row, the B-th row, and the
C-th row are disposed so as to be shifted in the row di-
rection, respectively, whereby one row which is recoded
on the recording medium P is divided into three parts in
the row direction.

[0037] In recording an image, the three first control
electrodes 26 disposed in the same column are simulta-
neously driven at the same voltage level. Likewise, the
five second control electrodes 28 disposed in the same
row are simultaneously driven at the same voltage level.
In addition, one row recorded on the recording medium
P is divided into three groups corresponding to the num-
bers of rows of the second control electrodes 28 in the
row direction to be successively recorded in a time divi-
sion manner. For example, in a case of the example
shown in FIGS. 2A to 2C, the A-th row, the B-th row, and
the C-th row of the second control electrodes 28 are suc-
cessively recorded to thereby record an image for one
row on the recording medium P.

[0038] Note thatthe structure of the control electrodes
is not limited to the two-layer electrode structure having
the first and second control electrodes 26 and 28, and
hence a single-layer electrode structure or a three or
more-layer electrode structure may also be adopted for
the control electrodes.

[0039] The guard electrode 30 is a sheet-like electrode
common to all the discharge portions, and, as shown in
FIG. 2A, has ring-like opening portions which are formed
in positions corresponding to the first and second control
electrodes 26 and 28 which are formed in the peripheries
of the through holes 38 of each of the discharge portions.
The surface of the insulating layer 34 and an upper sur-
face of the guard electrode 30 are covered with the in-
sulating layer 36 for protecting these surfaces to obtain
a flattened surface. A predetermined voltage is applied
to the guard electrode 30 and hence it plays a function
of suppressing an electric field interference generated
between the ink guides 16 of the adjacent discharge por-
tions.

[0040] Note that the guard electrode 30 is not an es-
sential constituent element. In addition, in order to shield
arepulsion electric field in a direction from the first control
electrodes 26 or the second control electrodes 28 to the
ink passage 48, the discharge opening substrate 14 may
be provided with a shielding electrode which is formed
on aside ofthe ink passage 48 with respect to the second
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control electrode 28.

[0041] Next, the ink guide 16 is a flat plate which is
made of ceramics having a predetermined thickness and
which has the convex tip portion 17. Then, the ink guides
16 of the five discharge portions disposed in the same
row are disposed at the predetermined intervals on the
same supporting body 50 disposed on the floating con-
ductive plate 22 on the head substrate 12. The ink guide
16 extends through the through hole 38 bored through
the discharge opening substrate 14, and its tip portion
17 projects upwardly from the uppermost surface of the
discharge opening substrate 14 on the recording medium
P side (corresponding to the upper surface of the insu-
lating layer 36 in FIGS. 1A and 1B).

[0042] Theink guide tip portion 17 is formed into nearly
a triangle (or a trapezoid) which tapers off towards the
counter electrode 18 side. A metal material is preferably
evaporated onto the ink guide tip portion (the highest tip
portion) 17. The evaporation of the metal material onto
the ink guide tip portion 17 is not an essential factor.
However, the evaporation of the metal offers an effect
that a permittivity of the ink guide tip portion 17 substan-
tially increases to facilitate the generation of a strong
electric field.

[0043] Note that the shape of the ink guide 16 is not
especially limited as long as the charged fine particles
contained in the ink Q can be made to pass through the
through hole 38 of the discharge opening substrate 14
to be concentrated at the tip portion 17. For example, the
ink guide tip portion 17 does not necessarily have the
convex shape. Thus, the ink guide tip portion 17 may be
freely changed. In addition, in order to promote the con-
centration of the charged fine particles at the ink guide
tip portion 17, a cutout serving as an ink guide groove
through which the ink Q is collected at the ink guide tip
portion 17 by the capillary phenomenon may be formed
vertically at the central portion of the ink guide 16 in the
figure.

[0044] Next, the counter electrode 18 is disposed in a
position facing the ink guide tip portion 17 at a predeter-
mined distance (e.g., 200 to 1,000 p.m) from the ink guide
tip portion 17. The counter electrode 18 includes an elec-
trode substrate 40 and an insulating sheet 42. The elec-
trode substrate 40 is grounded, and the insulating sheet
42 is formed on a surface of the electrode substrate 40
on the ink guide 16 side. The recording medium P is held
on the surface of the insulating sheet 42, and the counter
electrode (the insulating sheet 42) 18 functions as the
platen of the recording medium P.

[0045] The charging unit 20 for the recording medium
P includes a scorotron charging unit 44 for charging the
recording medium P at a negative high voltage, and a
bias voltage source 46 for supplying a negative high volt-
age to the scorotron charging unit 44. The scorotron
charging unit 44 is disposed in a position facing the sur-
face of the recording medium P at a predetermined dis-
tance from the surface of the recording medium P. In
addition, a negative side terminal of the bias voltage
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source 46 is connected to the scorotron charging unit 44,
and a positive side terminal of the bias voltage source
46 is grounded.

[0046] Note that the charging means of the charging
unit 20 is not limited to the scorotron charging unit 44,
and thus it is possible to use various charging means
such as a corotron charging unit or a solid charger.
[0047] Inrecording an image, the surface of the insu-
lating sheet 42 of the counter electrode 18, i.e., the re-
cording medium P held thereon is charged at a prede-
termined negative high voltage opposite in polarity to the
high voltage applied to the first control electrode 26 or
the second control electrode 28, e.g., at -1.5 kV by the
charging unit 20. As a result, the recording medium P is
usually biased by the charging unit 20 at a negative high
voltage as compared with the first control electrode 26
or the second control electrode 28 and hence is electro-
statically adsorbed on the insulating sheet 42 on the
counter electrode 18.

[0048] Note that while the counter electrode 18 is con-
stituted by the electrode substrate 40 and the insulating
sheet 42, and the recording medium P is charged at the
negative high voltage by the charging unit 20 to be elec-
trostatically adsorbed on the surface of the insulating
sheet 42, the present invention is not limited to this con-
stituent. That is to say, there may be adopted a consti-
tution that the counter electrode 18 is constituted by only
the electrode substrate 40, the counter electrode (the
electrode substrate 40 itself) 18 is connected to the bias
voltage source 46 to be usually biased at a negative high
voltage, and under this condition, the recording medium
P is electrostatically adsorbed on the surface of the coun-
ter electrode 18.

[0049] In addition, the electrostatic adsorption of the
recording medium P on the counter electrode 18, and
the electrostatic charge of the recording medium P at a
negative high voltage, or the application of a negative
bias high voltage to the counter electrode 18 may also
be carried out using different negative high voltage sourc-
es. Also, the means for supporting the recording medium
P by the counter electrode 18 is not limited to the elec-
trostatic adsorption of the recording medium P, and
hence any other suitable supporting method or support
means may also be used for the recording medium P.
[0050] Intheforegoingdescription, the method for driv-
ing the first and second control electrodes 26 and 28 has
been described by giving the specific example in which
the ink jet head includes the fifteen discharge portions.
However, it should be noted that the number of discharge
portions, the physical disposition of the discharge por-
tions, and the like may be freely selected. For example,
it is possible to one-dimensionally or two-dimensionally
dispose a plurality of discharge portions to constitute the
line head. In addition, the head units, the number of which
corresponds to the number of used ink colors are provid-
ed to thereby be able to cope with the monochrome re-
cording and the color recording.

[0051] Next, the structure in the vicinity of the through
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hole (the discharge opening for the ink) 38 becoming a
characteristic portion of the present invention will be de-
scribed.

[0052] FIGS. 3A and 3B are a structural plan view and
astructural cross sectional view each showing a structure
in the vicinity of the through hole of the discharge opening
substrate according to an embodiment. Those figures
each show the structure in the vicinity of the through hole
(discharge opening) 38 of the discharge opening sub-
strate 14 of the ink jet head 11 shown in FIGS. 1A and
1B. However, for the sake of easiness of the description,
the illustration of the first control electrode 26 and the
insulating layer 34 is omitted here, and only the insulating
substrate 24, the second control electrode 28, the guard
electrode 30, and the insulating layers 32 and 36 are
shown.

[0053] As shown in FIGS. 3A and 3B, an ink guide
groove 52 is formed in the surface of the discharge open-
ing substrate 14 on the ink passage 48 side, i.e., in the
surface of the insulating layer 32 on the ink passage 48
side so as to lead from the upstream side of the ink flow
to the through hole 38. In addition, the ink guide groove
52 is sloped at a predetermined angle so that its depth
becomes gradually deeper from the upstream side of the
ink flow to the through hole 38. While not illustrated, the
ink guide grooves 52 are provided near the through holes
38 of the discharge portions, respectively.

[0054] Insuchamanner, the ink guide groove 52 lead-
ing to the discharge opening 38 is provided to guide the
ink Q into the discharge opening 38 along the ink guide
groove 52. Hence, it is possible to enhance the property
of supply of the ink to the discharge opening (the ink
guide tip portion 17). Consequently, the responsibility to
the discharge frequency in recording an image is im-
proved, and thus even when the dots are continuously
drawn at a high speed, the dots each having a desired
size can be stably drawn.

[0055] It is desired that the discharge frequency of 5
kHz if a time period required to output an image is con-
sidered, preferably at a discharge frequency of 10 kHz,
and more preferably at a discharge frequency of 15 kHz.
[0056] Forexample, in a case where a thickness of the
discharge opening substrate 14 is 450 wm, when no ink
guide groove 52 is formed, the dots which have a dot
diameter of 16 pm (corresponding to 2,400 dpi), a dot
diameter of 20 wm (corresponding to 1,800 dpi), and a
dot diameter of 32 uwm (corresponding to 1,200 dpi) can
be stably drawn at the discharge frequency of 5 kHz.
[0057] On the other hand, when the ink guide groove
52 is formed, the dots which have a dot diameter of 16
pm (corresponding to 2,400 dpi), a dot diameter of 20
pm (corresponding to 1,800 dpi), and a dot diameter of
32 pum (corresponding to 1,200 dpi) can be stably drawn
at each of the discharge frequencies of 5 kHz, 10 kHz,
and 15 kHz.

[0058] As shown in FIG. 3C, the ink guide groove 52
may be formed in a fixed depth along the ink flow direc-
tion. In this case, the flow of the ink supplied from the ink
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passage 48 to the inside of the ink guide groove 52 be-
comes temporarily a turbulent flow owing to a difference
in level between the surface of the insulating layer 32
and a bottom surface of the ink guide groove 52. Thus,
in order to change this turbulent flow into a commutated
flow, a length of the ink guide groove 52 (a length in the
ink flow direction) is preferably made 6 or more times as
large as the depth of the ink guide groove 52, and more
preferably is made 8 or more times as large as the depth
of the ink guide groove 52.

[0059] In addition, in each of the embodiments shown
in FIGS. 3A and 3B, and 3C, the second control electrode
28 is formed in a ring-like shape so as to surround the
periphery of the through hole 38. Hence, the ink guide
groove 52 can not be formed so as to extend in depth
beyond the second control electrode 28. On the other
hand, as shown in FIGS. 4A to 4C, the second control
electrode 28 is formed into a circular shape with its part
being removed, whereby the ink guide groove 52 can be
formed so as to extend in depth beyond the second con-
trol electrode 28.

[0060] FIGS. 4A to 4C correspond to FIGS. 3A to 3C
each showing the structure in the vicinity of the through
hole 38 of the discharge opening substrate 14. In a case
of each of the embodiments shown in FIGS. 4A, 4B and
4C, the second control electrode 28 is formed into a cir-
cular arc shape with its part on the upstream side of the
ink flow being removed. Thus, the ink guide groove 52
is formed so as to extend through a removed portion of
the second control electrode 28 to reach in depth the
insulating substrate 24.

[0061] In such a manner, the ink guide groove 52 can
be deeply formed to thereby further enhance the property
of supply of the ink to the discharge opening.

[0062] Note that while the length, width, depth, plan
shape, cross sectional shape, and the like of the ink guide
groove 52 are not limited at all, however, since the prop-
erty of supply of the ink to the discharge opening changes
in correspondence to these settings, these factors are
preferably and suitably set as may be necessary.
[0063] Forexample, as described above, when the ink
guide groove 52 is formed without being sloped, the
length of the ink guide groove 52 is preferably made 6 or
more times as large as the depth of the ink guide groove
52. On the other hand, when the ink guide groove 52 is
formed with being sloped, there is an advantage that the
length of the ink guide groove 52 can be made shorter
than that when the ink guide groove 52 is formed without
being sloped since it is possible to reduce occurrence of
the turbulent flow of the ink flow.

[0064] In addition, the width of the ink guide groove 52
is preferably, approximately equal to the diameter of the
though hole 38. However, even if the width of the ink
guide groove 52 is slightly larger than the diameter of the
through hole 38, or is slightly smaller than the diameter
of the through hole 38, the property of supply of the ink
can be surely enhanced as compared with the case
where no ink guide groove 52 is formed.
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[0065] Asinacase of each of the embodiments shown
in FIGS. 4A, 4B and 4C rather than a case of each of the
embodiments shown in FIGS. 3A, 3B and 3C, the ink
guide groove 52 is preferably deeper.

[0066] With respect to the shape of the ink guide
groove 52, as shown in each of the above-mentioned
embodiments, the width of the ink guide groove 52 is
uniform in the direction of the ink flow. As shown in FIG.
7A, the ink guide groove may taper off in width towards
the upstream side of the ink flow, or as shown in FIG.
7B, the ink guide groove may taper off in width towards
the through hole 38 side. In addition, as shown in FIGS.
8A and 8B, the cross sectional shape of the ink guide
groove 52 is preferably atrapezoidal shape oraninverted
triangular shape in which its width becomes narrower as
its depth becomes deeper (as a depth level approaches
a bottom surface).

[0067] In addition, only one ink guide groove 52 may
be adopted, or as shown in FIG. 9 as an example, a
plurality of grooves leading to the through hole 38 may
also be formed. Also, while in FIGS. 3A to 3C, and FIGS.
4A to 4C, the electrodes and the insulating layers are
formed sequentially on the front and rear surfaces of the
insulating substrate 24 to thereby obtain the lamination
structure, the lamination means for the discharge open-
ing substrate 14 is not also limited at all. Thus, as shown
in FIGS. 5A to 5C, and FIGS. 6A to 6C, the ink guide
groove 52 can be satisfactorily used even in the dis-
charge opening substrate 14 having the lamination struc-
ture in which the electrodes and the insulating layers are
formed sequentially on the surface of the insulating sub-
strate 24.

[0068] Also, the means for forming the ink guide
groove 52 is not limited at all. Hence, various digging
means such as dicing, laser processing, sand blasting,
or the like can be utilized in correspondence to the ma-
terials of the discharge opening substrate 14.

[0069] Next, adescription will hereinafter be given with
respect to the ink Q used in the ink jet recorder 10.
[0070] A liquid material in which colored and charged
particles (colored and charged fine particles) each having
a particle diameter of about 0.1 to about 5.0 pum are dis-
persed into a carrier liquid is used as the ink Q. Note that
disperse resin particles for enhancing the fixing property
of an image after printing may be suitably contained in
the ink Q. In addition, the carrier liquid is preferably a
dielectric liquid (nonaqueous solvent) having a high elec-
trical resistivity (equal to or larger than 10° Q-cm, prefer-
ably equal to or larger than 1010 Q.cm, and preferably
equal to or smaller than 1016 Q.cm).

[0071] When the dielectric liquid having a high electri-
cal resistivity is used as the carrier liquid, it is possible to
reduce that the carrier liquid itself suffers the injection of
the electric charges due to the applied voltage to the con-
trol electrode, and hence it is possible to concentrate the
charged particles. In addition, the carrier liquid having a
high electrical resistivity may contribute prevention of the
electrical conduction between the adjacent discharge
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portions. Also, when the ink containing the carrier liquid
having the electrical resistivity falling within the above-
mentioned range is used, the ink can be satisfactorily
discharged even in the low electric field.

[0072] In addition, a relative permittivity of the carrier
liquid is preferably equal to or smaller than 5, more pref-
erably equal to or smaller than 4, and much more pref-
erably equal to or smaller than 3.5. Its lower limit is de-
sirably about 1.9. Such arange is selected for the relative
permittivity of the carrier liquid, whereby the electric field
effectively acts on the charged particles in the dielectric
liquid to cause the charged particles to be easy to mi-
grate. As a result, the polarization of the solvent can be
suppressed to allow relaxation of the electric field to be
suppressed. Thus, it is possible to form the dot which
has satisfactory image concentration and which is less
in bleeding.

[0073] Asforthe carrier liquid, preferably, it is possible
to use straight chain or branch chain aliphatic hydrocar-
bon and alicyclic hydrocarbon, aromatic hydrocarbon, a
halogen substitution product of these hydrocarbons, and
the like.

[0074] More specifically, as the carrier liquid, for ex-
ample, it is possible to singly or mixedly use hexane,
heptane, octane, isooctane, decane, isodecane, decalin,
nonane, dodecane, isododecane, cyclohexane, cyclooc-
tane, cyclodecane, benzene, toluene, xylene, mesity-
lene, isopar C, isopar E, isopar G, isopar H, isopar L
(isopar: atrade name of a liquid material made by EXXON
MOBILE CORPORATION), shellsol 70, shellsol 71
(shellsol: a trade name of a liquid material made by
SHELL OIL CO.,LTD.), amsco OMS solvent, amsco 460
solvent (amsco: a trade name of a liquid material made
by SPIRITS CO., LTD.), silicone oil (e.g., KF-96L made
by SHIN-ETSU CHEMICAL CO., LTD.) or the like.
[0075] With respect to the colored particles, the color-
ing material may be directly dispersed into a dielectric
liquid, or may be indirectly dispersed into a dielectric lig-
uid after being contained in disperse resin particles for
enhancement of fixing property. In the case where the
coloring material is contained in the disperse resin par-
ticles, in general, there is adopted a method in which the
pigments or the like are covered with the resin material
of the disperse resin particles to obtain the particles cov-
ered with the resin, and the disperse resin particles are
colored with the dyes or the like to obtain the colored
particles. In addition, as for the coloring material, all the
ink composite for ink jet, the (oiliness) ink composite for
printing, or the pigments and dyes used in the liquid de-
veloper for electrostatic photography may be used.
[0076] Inaddition, a content of colored particles (a total
content of coloring particles and resin particles) prefera-
bly falls within a range of 0.5 to 30.0 weight % for the
overallink from a viewpoint of concentration of the printed
image, formation of uniform disperse liquid, and suppres-
sion of clogging of the ink in the discharge heads, more
preferably falls within a range of 1.5 to 25.0 weight %,
and much more preferably falls within a range of 3 to 20
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weight %.

[0077] Asforthe pigmentused as the coloring material,
ones which are generally used in the technical field of
the printing may be used herein irrespective of the inor-
ganic pigment or the organic pigment.

[0078] More specifically, as for the pigment used as
the coloring material, various pigments such as carbon
black, cadmium red, molybdenum red, chromium yellow,
cadmium yellow, titanium yellow, chromium oxide, vyrid-
ian, cobalt green, ultramarine blue, pursian blue, cobalt
blue, azo series pigments, phthalocyanine series pig-
ments, quinacridone series pigments, isoindolinone se-
ries pigments, dioxazin series pigments, indanthrene se-
ries pigments, perylene series pigments, perynone se-
ries pigments, thioindigo series pigments, quinoph-
thalone series pigments, and a metallic complex pigment,
or the like can be used without being especially limited.
[0079] In addition, as for the dye used as the coloring
material, there is preferable an oil soluble dye such as
an azodye, a metal complex dye, a naphthol dye, an an-
thraquinone dye, an indigo dye, a carbonium dye, a qui-
nonimine dye, a xanthene dye, an aniline dye, a quinoline
dye, a nitro dye, a nitroso dye, a penzoquinone dye, a
naphthoquinone dye, a phthalocyanine dye, or a metal
phthalocyanine dye.

[0080] Also, an average particle diameter of the color-
ed particles preferably falls within a range of 0.1 to 5.0
p.m, more preferably falls within a range of 0.2to 1.5 pm,
and much more preferably falls within a range of 0.4 to
1.0 wm. These particle diameters are measured with CA-
PA-500 (a trade name of a measuring apparatus manu-
factured by HORIBA LTD.).

[0081] Note that the colored particles in the ink Q are
preferably the charging detectable particles which are
positively or negatively charged. Giving the colored par-
ticles the charging detectability can be realized by suit-
ably utilizing the technique of the developer for wet elec-
trostatic photography. More specifically, giving the color-
ed particles the charging detectability is attained by using
the charging detectable materials described in "DEVEL-
OPMENT AND PRACTICAL APPLICATION OF RE-
CENT ELECTRONIC PHOTOGRAPH DEVELOPING
SYSTEM AND TONER MATERIALS", pp. 139 to 148;
"ELECTROPHOTOGRAPHY - BASES AND APPLICA-
TIONS", edited by THE IMAGING SOCIETY OF JAPAN,
and published by CORONA PUBLISHING CO., LTD., pp
497 to 505, 1988; and "ELECTRONIC PHOTOGRA-
PHY", by Yuji Harasaki, 16(No. 2), p.44, 1977, and other
addition agents.

[0082] In addition, the viscosity of the ink composite is
preferably in a range of 0.5 to 5.0 mPa-sec, more pref-
erably in a range of 0.6 to 3.0 mPa-sec, and much more
preferably in a range of 0.7 to 2.0 mPa-sec. The colored
particles are charged, and various charging control
agents which are used in the liquid developer for elec-
tronic photograph as may be necessary can be used
therein. A charging amount thereof is preferably in a
range of 5 to 200 p.C/g, more preferably in a range of 10
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to 150 nC/g, and much more preferably in a range of 15
to 100 pn.C/g.

[0083] The electrical resistance of the dielectric liquid
may be changed by adding the charging control agent in
some cases. Thus, a distribution factor P defined below
is preferably equal to or larger than 50%, more preferably
equal to or larger than 60%, and much more preferably
equal to or larger than 70%.

P =100 x (ol - ©c2)/ ol

where ol is an electric conductivity of an ink composite,
and o2 is an electric conductivity of a supernatant liquid
which is obtained by inspecting the ink composite with a
centrifugal separator.

[0084] These electric conductivities were obtained by
measuring the electric conductivities of the ink composite
and the supernatant liquid under a condition of an applied
voltage of 5 V and a frequency of 1 kHz using an LCR
meter of an AG-4311 type (manufactured by ANDO
ELECTRIC CO., LTD). and an electrodes for liquids of
an LP-05 type (manufactured by KAWAGUCHI ELEC-
TRIC WORKS, CO., JP). In addition, the centrifugation
was carried out for 30 minutes under a condition of a
rotational speed of 14,500 rpm and atemperature of 23°C
using a miniature high speed cooling centrifugal machine
of an SRX-201 type (manufactured by TOMY SEIKO
CO., LTD.).

[0085] Theink composite as described above is adopt-
ed, which results in that the colored and charged patrticles
become easy to migrate and hence the colored and
charged particles become easy to be concentrated.
[0086] On the other hand, the electric conductivity g1
of the ink composite is preferably in a range of 100 to
3,000 pS/cm, more preferably in a range of 150 to 2,500
pS/cm, and much more preferably in a range of 200 to
2,000 pS/cm. The range of the electric conductivity as
described above is set, resulting in that the applied volt-
ages to the control electrodes are not excessively high,
and also there is no anxiety to cause the electrical con-
duction between the adjacent recording electrodes.
[0087] In addition, a surface tension of the ink com-
posite is preferably in a range of 15 to 50 mN/m, more
preferably in a range of 15.5 to 45.0 mN/m, and much
more preferably in a range of 16 to 40 mN/cm. The sur-
face tension is set to this range, resulting in that the ap-
plied voltages to the control electrodes are not exces-
sively high, and also the ink does not leak and spread to
the periphery of the head to contaminate the head.
[0088] The ink jet head 11 does not apply a force to
the overall ink to fly the ink droplet R towards the record-
ing medium P, but applies a force to the charged fine
particles dispersed into a carrier liquid to fly the ink droplet
R towards the recording medium P. As aresult, an image
can be recorded on various recording media such as not
only a plain paper but also a non-absorption film, e.g., a
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PET film. In addition, an image of high image quality can
be recorded on various recording media without running
and flowing thereon.

[0089] Next, an operation of the electrostatic type ink
jet recorder 10 will be described based on an example
of a case where the colored fine particles contained in
the ink Q are positively charged.

[0090] Inrecording an image, the ink Q is made to cir-
culate through the ink passage 48 from the right-hand
side to the left-hand side in FIG. 1B (in a direction indi-
cated by an arrow a in FIG. 1B) at a predetermined ve-
locity by a circulation mechanism for ink (not shown).
[0091] Atthistime,the charged fine particles contained
in the ink Q within the ink passage 48 are energized by
the floating conductive plate 22 to pass through the
through hole 38 to be concentrated at the tip portion of
theink guide 16. Thus, the colored fine particles positively
charged within the ink Q are usually stabilized at prede-
termined concentration. In addition, since the ink Q is
guided into the inside of the through hole 38 along the
ink guide groove 52, itis possible to enhance the property
of supply of the ink to the discharge opening (the ink
guide tip portion 17).

[0092] On the other hand, the recording medium P is
charged at a negative high voltage (e.g., at -1.5 kV) by
the charging unit 20, and is carried to an inner portion
side of the paper in FIGS. 1A and 1B at a predetermined
velocity by carry means (not shown) while being electro-
statically adsorbed on the insulating sheet 42 on the
counter electrode 18.

[0093] The second control electrodes 28 are set at a
high voltage level (e.g., at 400 to 600 V) or in a high
impedance state (in an ON state) in order one row by
one row by the control means, and all the remaining sec-
ond control electrodes 28 are driven at the ground level
(the ground state, i.e., in an OFF state). On the other
hand, the first control electrodes 26 are simultaneously
driven in each of all columns at a high voltage level or at
the ground level in correspondence to the image data.
As a result, the discharge/non-discharge of the ink in
each of the discharge portions is controlled.

[0094] That is to say, when the second control elec-
trode 28 is at the high voltage level or in the high imped-
ance state, and also the first control electrode 26 is at
the high voltage level, the ink Q is discharged in the form
of the ink droplet R. On the other hand, when at least one
of the first and second control electrodes 26 and 28 is at
the ground level, noinkis discharged. Then, the ink drop-
lets R discharged from the respective discharge portions
are attracted to the recording medium P charged at the
negative high voltage to be stuck onto predetermined
positions on the recording medium P, respectively, to
form an image.

[0095] At this time, as described above, the provision
of the ink guide groove 52 leading to the through hole 38
enhances the property of supply of the ink to the dis-
charge opening. For this reason, the responsibility to the
discharge frequency in recording an image is improved.
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Thus, even when the dots are continuously drawn at a
high speed, itis possible to suppress reduction of the dot
diameter, and hence it is possible to stably draw the dots
each having a desired size. In other words, it is possible
to record an image of high image quality having no dis-
persion in dot sizes.

[0096] At that, as described above, when the rows of
the second control electrodes 28 as the lower layer are
successively turned ON, and the first control electrodes
26 as the upper layer are turned ON/OFF in correspond-
ence to the image data, the first control electrodes 26 are
driven in correspondence to the image data. Thus, when
the individual discharge portions in the column direction
are supposed to be the centers, in the discharge portions
on the both sides of each central discharge portion, the
levels of the first control electrodes 26 are changed fre-
guently to the high voltage level or to the ground level.
In this case, the guard electrode 30 is biased at a prede-
termined guard potential, e.g., at the ground level or the
like in recording an image, thereby excluding influences
of electric fields of the adjacent discharge openings.
[0097] In addition, as another embodiment, the first
and second control electrodes 26 and 28 can also be
driven in opposite states. That is, the first control elec-
trodes 26 can be successively driven one column by one
column, and the second control electrodes 28 can be
driven in correspondence to the image data.

[0098] In this case, with respect to the column direc-
tion, the first control electrodes 26 are driven one column
by one column, and when the individual discharge por-
tions in the column direction are supposed to be the cent-
ers, the first control electrodes 26 of the discharge por-
tions on the both sides of each central discharge portion
in the column direction usually become the ground level.
Thus, the first control electrodes 26 of the discharge por-
tions on the both sides of each central discharge portion
in the column direction function as the guard electrode
30. In the case where the first control electrodes 26 as
the upper layer are successively turned ON one column
by one column, and the second control electrodes 28 as
the lower layer are driven in correspondence to the image
data, even if no guard electrode 30 is provided, the influ-
ences ofthe adjacent discharge portions can be excluded
to enhance the recording quality.

[0099] In the ink jet head 11, whether the control for
the ink discharge/non-discharge is carried out using one
of or both of the first control electrodes 26 and the second
control electrodes 28 is not a limiting factor at all. That is
to say, the voltages of the control electrode side and the
recording medium P side have to be suitably set so that
when a difference between the voltage value of the con-
trol electrode side during the ink discharge/non-dis-
charge, and the voltage value of the recording medium
P side is larger than a predetermined value, the ink is
discharged, while when the difference is smaller than the
predetermined value, no ink is discharged.

[0100] In addition, while in each of the above-men-
tioned embodiments, the colored fine particles contained
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in the ink are positively charged, and the recording me-
dium P side is charged at a negative high voltage, the
present invention is not limited thereto. That is to say,
conversely, the colored fine particles in the ink may be
negatively charged, and the recording medium P side
may be charged at a positive high voltage. In such a
manner, when the polarity of the colored fine particles is
reversed to that of the colored fine particles in each of
the above-mentioned embodiments, the polarities or the
like of the applied voltages to the counter electrode 18,
the charging unit 20 for the recording medium P, and the
first and second control electrodes 26 and 28 of each of
the discharge portions have to be reversed to those in
each of the above-mentioned embodiments.

[0101] Though the concrete overall construction of the
ink jet recorder of the present invention is not illustrated,
the ink jet recorder of the present invention serves to
record an image corresponding to image data on a re-
cording medium using the ink jet head of the present
invention.

[0102] Note that the present invention is not limited to
the electrostatic type ink jet head and the electrostatic
type ink jet recorder, and hence can be applied to various
ink jet heads and ink jet recorders using the discharge
control means for ink, such as the thermal type one and
the piezo type one.

[0103] The presentinvention is basically as described
above.
[0104] While above, the ink jet head and the ink jet

recorder of the present invention have been described
in detall, it is to be understood that the present invention
is not limited to the above-mentioned embodiments, and
hence various improvements and changes may be made
without departing from the subject matter of the present
invention.

[0105] As set forth in detail hereinabove, according to
the present invention, since the ink guide groove leading
to the discharge opening is formed to allow the ink to be
guided to the inside of the discharge opening along the
ink guide groove, it is possible to enhance the property
of supply of the ink to the discharge opening. Conse-
quently, the responsibility at the discharge frequency in
recording an image is improved, and hence even when
the dots are continuously drawn at a high speed, it is
possible to suppress reduction of the dot diameter. As a
result, it is possible to stably draw the dots each having
a desired size.

Claims

1. Anink jet head (10) for discharging ink containing
coloredfine particles to record an image correspond-
ing to image data on a recording medium, the ink jet
head comprising:

a discharge opening substrate (14) through
which discharge openings (38) are bored, said
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ink being discharged through said discharge
openings (38);

a head substrate (12) disposed at a predeter-
mined distance from said discharge opening
substrate (14) so as to define an ink passage
(48) between said discharge opening substrate
(14) and said head substrate (12);

a circulation mechanism for circulating the ink
through said ink passage (48) in recording the
image in a predetermined direction and with a
predetermined velocity forming an ink flow, said
predetermined direction being parallel to said
discharge opening substrate (14) and said head
substrate (12); and

discharge control means for controlling the dis-
charge of said ink through said discharge open-
ings (38),

characterized in that

an ink guide groove (52) is formed in a surface
of said discharge opening substrate (14) on a
side of said ink passage (48) near each of the
discharge openings (38), each ink guide groove
being directed along said predetermined direc-
tion and relative to the predetermined direction
leading from the upstream side to the corre-
sponding discharge opening (38), so that the ink
flowing in the ink passage (48) towards the dis-
charge opening (38) is guided into the discharge
opening (38) along the ink guide groove (52).

The ink jet head (10) according to claim 1, wherein
said ink jet head is an electrostatic type ink jet head
for discharging ink containing charged and colored
fine particles by utilizing an electrostatic force to
record an image corresponding to image data on a
recording medium, and

said discharge opening substrate includes at least:
an insulating substrate (24); a ring-like control elec-
trode (26, 28) of at least one layer formed on a sur-
face of said insulating substrate (24) on a side of
said ink passage (48) and/or a side of said recording
medium so as to surround a periphery of said dis-
charge opening (38); and an insulating layer (32, 36)
of at least one layer for covering surfaces of said
insulating substrate (24) and said control electrode
(26, 28).

The ink jet head (10) according to claim 2, wherein
said control electrode (26, 28) is formed into a circu-
lar arc shape with its part on the upstream side of
said ink flow being removed, and

said ink guide groove (52) is formed so as to extend
through said removed portion of said control elec-
trode (26, 28) to reach in depth the insulating sub-
strate (24) or the insulating layer (32,36) on a side
of said recording medium through the control elec-
trode formed nearest the side of said recording me-
dium.
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4.

The ink jet head according to any one of claims 1 to
3, wherein said ink guide groove is sloped at a pre-
determined angle so that its depth becomes gradu-
ally deeper from the upstream side of said ink flow
to said discharge opening.

The ink jet head according to any one of claims 1 to
3, wherein a length of said ink guide groove is 6 or
more times as large as the depth of said ink guide
groove.

The ink jet head according to any one of claims 1 to
5, wherein said ink guide groove is formed so that
its width becomes nearly equal to a diameter of said
discharge opening, or becomes narrower towards
the upstream side of said ink flow, or becomes nar-
rower towards said discharge opening.

The ink jet head according to claim4, wherein said
ink guide groove is formed so that its depth becomes
gradually narrower in cross sectional shape as its
depth becomes deeper.

The ink jet head according to any one of claims 1 to
7, wherein said ink guide groove is constituted by a
plurality of grooves formed so as to lead to said dis-
charge opening.

An ink jet recorder using the ink jet head (10) as
claimed in any one of claims 1 to 8.

Patentanspriiche

1.

Tintenstrahlkopf (10) zum Ausstof3en von Tinte, die
feine Farbteilchen enthalt, um ein Bild entsprechend
von Bilddaten auf ein Aufzeichnungsmedium aufzu-
zeichnen, wobei der Tintenstrahlkopf umfasst:

ein AusstoRéffnungssubstrat (14) durch das
AusstoR6ffnungen (38) gebohrt sind, wobei die
Tinte durch diese AusstoR6ffnungen (38) aus-
gestol3en wird;

ein Kopfsubstrat (12), das in einem vorbestimm-
ten Abstand von dem AusstoRoffnungssubstrat
(14) so angeordnet ist, dass ein Tintendurch-
gang (48) zwischen dem AusstolR6ffnungssub-
strat (14) und dem Kopfsubstrat (12) definiert
wird;

einen Zirkulationsmechanismus zum Zirkulie-
ren der Tinte durch den Tintendurchgang (48)
beim Aufzeichnen des Bilds in einer vorbe-
stimmten Richtung und mit einer vorbestimmten
Geschwindigkeit, wodurch ein Tintenstrom aus-
gebildet wird, wobei die vorbestimmte Richtung
parallel zum Ausstol36ffnungssubstrat (14) und
dem Kopfsubstrat (12) vorgesehen ist; und
Aussto3steuerungsmittel zum Steuern des Aus-
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stoRes der Tinte durch die AusstoR6ffnungen
(38), dadurch gekennzeichnet, dass

eine Tintenflhrungsnut (52) in einer Oberflache
des AusstoRRoffnungssubstrats (14) auf einer
Seite des Tintendurchgangs (48) in der Nahe
der AusstoRRoffnungen (38) ausgebildet ist, wo-
bei jede Tintenfihrungsnut entlang der vorbe-
stimmten Richtung und relativ zu der vorbe-
stimmten Richtung, die von der Stromaufwarts-
seite zur entsprechenden AusstoRéffnung (38)
fuhrt, so gerichtet ist, dass die Tinte, die in dem
Tintendurchgang (48) zur AusstoRR6ffnung (38)
fliel3t, in die AusstoR6ffnung (38) entlang der
Tintenfuhrungsnut (52) gefuhrt wird.

Tintenstrahlkopf (10) nach Anspruch 1, bei dem der
Tintenstrahlkopf ein Tintenstrahlkopf der elektrosta-
tischen Art zum Ausstof3en von Tinte ist, die gela-
dene und farbige feine Teilchen enthalt, durch Aus-
nutzen einer elektrostatischen Kraft, um ein Bild ent-
sprechend von Bilddaten auf ein Aufzeichnungsme-
dium aufzuzeichnen, und

das AusstoR6ffnungssubstrat wenigstens enthalt:
ein isolierendes Substrat (24); eine ringférmige
Steuerelektrode (26, 28) von wenigstens einer
Schicht, die auf einer Oberflache des isolierenden
Substrats (24) auf einer Seite des Tintendurchgangs
(48) und/oder einer Seite des Aufzeichnungsmedi-
ums ausgebildet ist, um einen Umfang der
Aussto36ffnung (38) zu umgeben; und eine isolie-
rende Schicht (32, 36) von wenigstens einer Schicht
zum Abdecken von Oberflachen des isolierenden
Substrats (24) und der Steuerelektrode (26, 28).

Tintenstrahlkopf (10) nach Anspruch 2, bei dem die
Steuerelektrode (26, 28) in einer kreisférmigen Bo-
gengestalt ausgebildet ist, wobei deren Teil auf der
Stromaufwartsseite des Tintenstroms entfernt ist,
und

die Tintenfuhrungsnut (52) so ausgebildet ist, dass
diese sich durch den entfernten Abschnitt der Steu-
erelektrode (26, 28) erstreckt, um beztglich der Tiefe
das isolierende Substrat (24) oder die isolierende
Schicht (32, 36) auf einer Seite des Aufzeichnungs-
mediums durch die Steuerelektrode, die am néch-
sten der Seite des Aufzeichnungsmediums ausge-
bildet ist, zu erreichen.

Tintenstrahlkopf nach einem der Anspriche 1 bis 3,
bei dem die Tintenfihrungsnut um einen vorbe-
stimmten Winkel so geneigtist, dass deren Tiefe von
der Stromaufwartsseite des Tintenstroms zur Aus-
stoRoffnung allméahlich tiefer wird.

Tintenstrahlkopf nach einem der Anspriche 1 bis 3,
bei demeine Lange der Tintenfiihrungsnut sechsmal
oder mehr groRer als die Tiefe der Tintenfihrungsnut
ist.
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6.

Tintenstrahlkopf nach einem der Anspruche 1 bis 5,
bei dem die Tintenflhrungsnut so ausgebildet ist,
dass deren Breite nahezu gleich einem Durchmes-
ser der AusstoRéffnung wird, oder in Richtung zur
Stromaufwartsseite des Tintenstroms schmaler
wird, oder in Richtung zur Aussto36ffnung schmaler
wird.

Tintenstrahlkopf nach Anspruch 4, bei dem die Tin-
tenfiihrungsnut so ausgebildet ist, dass deren Tiefe
in der Querschnittsgestalt allmahlich schmaler wird,
wéahrend deren Tiefe tiefer wird.

Tintenstrahlkopf nach einem der Anspriiche 1 bis 7,
bei dem die Tintenfiihrungsnut mittels einer Vielzahl
von Nuten gebildet wird, die so ausgebildet sind,
dass diese zur AusstoR6ffnung fuhren.

Tintenstrahlaufzeichnungsvorrichtung, die den Tin-
tenstrahlkopf (10) nach einem Anspriiche 1 bis 8 ver-
wendet.

Revendications

Téte a jet d’encre (10) pour décharger de fines par-
ticules colorées contenant de I'encre, pour imprimer
une image correspondant a des données d’'image
sur un support d'impression, la téte a jet d’encre
comprenant :

un support (14) a ouvertures de décharge, a tra-
vers lequel sont percées des ouvertures de dé-
charge (38), ladite encre étant déchargée par
lesdites ouvertures de décharge (38);

un support (12) de téte, disposé a une distance
prédéterminée dudit support (14) & ouvertures
de décharge, de fagon a définir un passage (48)
pour I'encre, entre ledit support (14) a ouvertu-
res de décharge et ledit support (12) de téte;
un mécanisme de circulation, pour faire circuler
I'encre dans ledit passage (48) pour I'encre, en
imprimant I'image, dans une direction prédéter-
minée et avec une vitesse prédéterminée, for-
mant un flux d’encre, ladite direction prédéter-
minée étant paralléle audit support (14) a ouver-
tures de décharge et audit support (12) de téte;
et

un moyen de commande de décharge, pour
commander la décharge de ladite encre par les-
dites ouvertures de décharge (38),
caractérisée en ce que

une rainure (52) de guidage de I'encre est for-
mée dans une surface dudit support (14) a
ouvertures de décharge, d'un c6té dudit passa-
ge (48) pour I'encre, prés de chacune des ouver-
tures de décharge (38), chaque rainure de gui-
dage de I'encre étant dirigée dans ladite direc-
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tion prédéterminée et, par rapport a ladite direc-
tion prédéterminée, conduisant du c6té amont
a l'ouverture de décharge (38) correspondante,
de telle sorte que I'encre s’écoulant dans le pas-
sage (48) pour I'encre en direction de I'ouverture
de décharge (38) est guidée a lintérieur de
I'ouverture de décharge (38) le long de larainure
(52) de guidage de I'encre.

Téte ajet d’'encre (10) selon larevendication 1, dans
laquelle ladite téte a jet d’encre est une téte de type
électrostatique, pour décharger de I'encre contenant
de fines particules chargées et colorées en utilisant
une force électrostatique, pour imprimer une image
correspondant a des données d’'image sur un sup-
port d’'impression, et

ledit support a ouvertures de décharge comprend au
moins : un support isolant (24) ; une électrode (26,
28) de commande analogue a une bague, d’'au
moins une couche, formée sur une surface dudit sup-
port isolant (24) d'un cété dudit passage (48) pour
I'encre et/ou d’'un c6té dudit support d'impression,
de fagon a entourer une périphérie de ladite ouver-
ture de décharge (38); et une couche isolante (32,
36), d’au moins une couche, pour recouvrir des sur-
faces dudit support isolant (24) et de ladite électrode
de commande (26, 28).

Téte ajet d'encre (10) selon la revendication 2, dans
laquelle ladite électrode de commande (26, 28) est
faconnée en forme d’arc de cercle, dont manque la
partie du cété amont dudit flux d’encre, et

ladite rainure (52) de guidage de I'encre est formée
de fagon a s’étendre a travers ladite partie manquan-
te de ladite électrode de commande (26, 28), pour
atteindre en profondeur le support isolant (24) ou la
coucheisolante (32, 36) d’un c6té dudit support d'im-
pression a travers I'électrode de commande la plus
proche du cété dudit support d'impression.

Téte a jet d’encre (10) selon I'une quelconque des
revendications 1 a 3, dans laquelle ladite rainure de
guidage de I'encre est inclinée suivant un angle pré-
déterminé, de telle sorte que sa profondeur devient
progressivement plus grande, du coté amont dudit
flux d’encre a ladite ouverture de décharge.

Téte a jet d’encre selon I'une quelcongue des reven-
dications 1 a 3, dans laquelle une longueur de ladite
rainure de guidage de I'encre est supérieure de 6
fois ou plus a la profondeur de ladite rainure de gui-
dage de I'encre.

Téte a jet d’encre selon I'une quelconque des reven-
dications 1 a 5, dans laquelle ladite rainure de gui-
dage de I'encre est fagconnée de facon a ce que sa
largeur soit presque égale a un diameétre de ladite
ouverture de décharge, ou soit plus étroite vers le
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c6té amont dudit flux d’encre, ou soit plus étroite vers
ladite ouverture de décharge.

Téte a jet d’encre selon la revendication 4, dans la-
quelle ladite rainure de guidage de I'encre est fagcon-
née de telle sorte que sa profondeur devienne pro-
gressivement plus faible en section transversale, au
fur et a mesure que sa profondeur augmente.

Téte ajet d’encre selon I'une quelconque des reven-
dications 1 a 7, dans laquelle ladite rainure de gui-
dage de I'encre est constituée par plusieurs rainures
fagonnées de fagon a conduire a ladite ouverture de
décharge.

Dispositif d'impression a jet d’encre utilisant la téte
ajet d’encre (10) selon I'une quelconque des reven-
dications 1 a 8.
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